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Household problem

max
c1,t ,k2,t+1,c2,t+1

u(c1,t ) + βEt
[
u(c2,t+1)

]
where c1,t + k2,t+1 ≤ wt − Ht

and c2,t+1 ≤ (1 + rt+1 − δ)k2,t+1 + Ht+1

and c1,t , c2,t+1, k2,t+1 ≥ 0

and where u(ci,t ) =
(ci,t )

1−γ − 1
1− γ
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Household problem

c1,t + k2,t+1 = wt − Ht

u′(c1,t ) = βEt

[(
1 + rt+1 − δ

)
u′(c2,t+1)

]
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Firms problem

Yt = AtKα
t L1−α

t ∀t where At = ezt

zt = ρzt−1 + (1− ρ)µ+ εt where zt ∼ N(0, σ)

rt = αezt Kα−1
t L1−α

t ∀t

wt = (1− α)ezt Kα
t L−αt ∀t
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Market clearing

Lt = l1,1 = l̄ = 1 ∀t

Kt = k2,t ∀t

Yt − Ct = Kt+1 − (1− δ)Kt ∀t

Evans, Kotlikoff, and Phillips Game Over: Unsustainable Fiscal Policy



Intro Model with shut down Tax regime switch: 80% Tax regime switch: 30% Conclusion

Equilibrium with shutdown

Ht = min
(
H̄,wt

)

u′
`
c1,t
´

= βEzt+1|zt

"“
1 + αezt+1

ˆ
(1− α)ezt kα2,t − H̄ − c1,t

˜α−1 − δ
”
× ...

u′
„h

1 + αezt+1
`
[1− α]ezt kα2,t − H̄ − c1,t

´α−1 − δ
i`

[1− α]ezt kα2,t − H̄ − c1,t
´

+ Ht+1

«#
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Calibration

Table 1: Calibration of 2-period lived agent OLG model with
promised transfer H̄

Parameter Source to match Value
β annual discount factor of 0.96 0.29
γ coefficient of relative risk aversion between 1.5 and 4.0 2
α capital share of income 0.35
δ annual capital depreciation of 0.05 0.79
ρ AR(1) persistence of normally distributed shock to match 0.21

annual persistence of 0.95
µ AR(1) long-run average shock level 0
σ standard deviation of normally distributed shock to match 1.55

the annual standard deviation of real GDP of 0.49
H̄ set to be 32% of the median real wage 0.11

The Appendix gives a detailed description of the calibration of all parameters.

2.5 Simulation

To explore our model, we ran 3,000 simulations for each of nine combinations of the

state variables and H̄. For each of these simulations, we followed the economy through

shut down. The nine combinations includes three values of H̄ = {0.05, 0.11, 0.17} and

for three different values of k2,0 = {0.11, 0.14, 0, 17}.7 In each simulation we set the

initial value of z at its median value µ.

Table 2 shows the median wage wmed, the median capital stock kmed, and the size

of H̄ and k2,0 relative to the median wage wmed and the median capital stock kmed,

respectively, for each of the nine combinations of H̄ and k2,0.

Table 3 provides four statistics on time to economic shutdown, i.e., wt ≤ H̄. The

middle row of Table 3 corresponding to H̄ = 0.11 shows that this model economy has

a greater than 50 percent chance of shutting down in 60 years (2 periods) under a

fiscal transfer system calibrated to be close to that of the United States. Table 3 also

indicates that the probability of a near term shutdown is very sensitive to the size of

H̄.

7The three values for each roughly correspond to low, middle and high values. That is, H̄ = 0.11
is the value that is roughly equal to 32 percent of the median wage, and k2,0 = 0.14 is roughly equal
to the median capital stock across simulations.
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Simulation with Shut down

Table 2: Initial values relative to median values

k2,0 = 0.11 k2,0 = 0.14 k2,0 = 0.17
wmed kmed wmed kmed wmed kmed

H̄/wmed k2,0/kmed H̄/wmed k2,0/kmed H̄/wmed k2,0/kmed

H̄ = 0.05
0.3030 0.0992 0.3026 0.0996 0.3008 0.0991
0.1650 1.1093 0.1652 1.4062 0.1662 1.7148

H̄ = 0.11
0.3445 0.1344 0.3433 0.1358 0.3474 0.1365
0.3193 0.8187 0.3204 1.0311 0.3166 1.2457

H̄ = 0.17
0.2562 0.1043 0.2709 0.1090 0.2825 0.1134
0.6635 1.0550 0.6275 1.2846 0.6018 1.4988

wmed is the median wage and kmed is the median capital stock across all 3,000 simulations before
economic shut down.

Table 3: Periods to shut down simulation statistics

k2,0 = 0.11 k2,0 = 0.14 k2,0 = 0.17
Periods CDF Periods CDF Periods CDF

H̄ = 0.05

min 1 0.1620 1 0.1543 1 0.1477
med 4 0.5370 4 0.5320 4 0.5283
mean 5.95 0.6704 6.00 0.6703 6.04 0.6694
max 45 1.0000 45 1.0000 45 1.0000

H̄ = 0.11

min 1 0.3623 1 0.3480 1 0.3357
med 2 0.5653 2 0.5543 2 0.5433
mean 3.29 0.7060 3.35 0.7029 3.41 0.7022
max 24 1.0000 24 1.0000 25 1.0000

H̄ = 0.17

min 1 0.5203 1 0.4987 1 0.4807
med 1 0.5203 2 0.6833 2 0.6707
mean 2.42 0.7373 2.48 0.7336 2.54 0.7295
max 18 1.0000 18 1.0000 18 1.0000

The “min”, “med”, “mean”, and “max” rows in the “Periods” column represent the minimum,
median, mean, and maximum number of periods, respectively, in which the simulated time
series hit the economic shut down. The “CDF” column represents the percent of simulations
that shut down in t periods or less, where t is the value in the “Periods” column. For the CDF
value of the “mean” row, we used linear interpolation.
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Simulation with Shut down
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Fiscal Gap

fiscal gapt = xt ≡ NPV (H̄)− NPV (Ht )

NPV (Yt )

xt =

∑∞
s=0 dt+sH̄ −∑∞s=0 dt+sE [Hs]∑∞

s=0 dt+sE [Ys]

pt ,j =

1 if j = 0

β
Et [u′(c2,t+1)pt+1,j−1]

u′(c1,t)
if j ≥ 1

∀t
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Fiscal Gap

our discount factors—and their corresponding net discount rates shown on an annual

basis. The first column in each cell displays the prices of the different maturity s of

sure return bond pt,t+s computed using recursive equation (16). The second column in

each cell represents the annualized version of the net return rt,t+sAPR or net interest

rate.9

rt,t+s =

(
1

pt,t+s

) 1
s30

− 1 for s ≥ 1 (17)

Table 4: Term structure of prices and interest rates

k2,0 = 0.11 k2,0 = 0.14 k2,0 = 0.17
rt,t+s rt,t+s rt,t+s

s pt,t+s APR pt,t+s APR pt,t+s APR

H̄ = 0.05

0 1 0 1 0 1 0
1 1.5556 -0.0146 1.5897 -0.0153 1.6190 -0.0159
2 0.3115 0.0196 0.3466 0.0178 0.3782 0.0163
3 0.0385 0.0369 0.0441 0.0353 0.0493 0.0340
4 0.0088 0.0403 0.0096 0.0395 0.0099 0.0392
5 0.0049 0.0360 0.0063 0.0344 0.0063 0.0344
6 0.0014 0.0372 0.0025 0.0338 0.0024 0.0342

H̄ = 0.11

0 1 0 1 0 1 0
1 1.6771 -0.0171 1.7186 -0.0179 1.7673 -0.0188
2 0.1543 0.0316 0.1793 0.0291 0.2137 0.0261
3 0.0074 0.0560 0.0092 0.0535 0.0118 0.0506
4 0.0072 0.0420 0.0077 0.0414 0.0085 0.0405
5 0.0029 0.0397 0.0032 0.0390 0.0038 0.0379
6 4.3 ×10−4 0.0440 5.0 ×10−4 0.0431 5.9 ×10−4 0.0421

H̄ = 0.17

0 1 0 1 0 1 0
1 1.5848 -0.0152 1.6811 -0.0172 1.7308 -0.0181
2 0.0092 0.0812 0.0156 0.0718 0.0359 0.0570
3 0.0010 0.0794 0.0031 0.0663 0.0038 0.0639
4 9.0 ×10−5 0.0808 0.0046 0.0459 0.0049 0.0453
5 1.3 ×10−5 0.0780 0.0010 0.0470 0.0011 0.0463
6 1.7 ×10−5 0.0630 5.6 ×10−5 0.0558 6.1 ×10−5 0.0554

The first column in each cell is the price of the sure-return bond pt,t+s at different maturities s as
characterized by equation (16). The second column in each cell is the net interest rate rt,t+sAPR
implied by the sure-return rate and given in annual percentage rate terms according to equation (17).
Full descriptions of the term structure of prices and interest rates for all calibrations and for up to
s = 12 is provided in the Technical Appendix.

9The return or yield of a sure-return bond should increase with its maturity in an economy that
never shuts down. However, the increasing probability of the economy shutting down in each future
period counteracts the increasing value of the sure return in the future. This is why the interest
rates in the second column of each cell in Table 4 seem to go toward an asymptote in the limit.

9

Evans, Kotlikoff, and Phillips Game Over: Unsustainable Fiscal Policy



Intro Model with shut down Tax regime switch: 80% Tax regime switch: 30% Conclusion

Fiscal Gap

Table 5: Measures of the fiscal gap as percent of
NPV(GDP)

k2,0 = 0.11 k2,0 = 0.14 k2,0 = 0.17
fgap 1 fgap 2 fgap 1 fgap 2 fgap 1 fgap 2
fgap 3 fgap 4 fgap 3 fgap 4 fgap 3 fgap 4

H̄ = 0.05
0.0037 0.0078 0.0034 0.0096 0.0033 0.0118
0.0033 0.0035 0.0030 0.0032 0.0028 0.0029

H̄ = 0.11
0.0192 0.0373 0.0175 0.0427 0.0164 0.555
0.0168 0.0176 0.0152 0.0159 0.0140 0.0147

H̄ = 0.17
0.0474 0.0876 0.0421 0.1041 0.0385 0.1171
0.0408 0.0426 0.0361 0.0378 0.0328 0.0344

Fiscal gap 1 uses the gross sure return rates Rt,t+s from Table 4 as the discount
rates for NPV calculation. Fiscal gap 2 uses the current period gross return on
capital Rt from the model as the constant discount rate. Fiscal gap 3 uses the
International Monetary Fund (2009) method of an annual discount rate equal
to 1 plus the average percent change in GDP plus 0.01 (≈ 2.05). And fiscal gap
4 uses the Gohkhale and Smetters (2007) method of an annual discount rate
equal to 1 plus 0.0365 (≈ 1.93).

produces realistic equity premia, ranging from 4.7 percent to as 7.3 percent, for a

moderate-sized coefficient of relative risk aversion of γ = 2.
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Equity Premium

Table 6: Components of the equity premium in period 1

k2,0 = 0.11 k2,0 = 0.14 k2,0 = 0.17
30-year annual 30-year annual 30-year annual

H̄ = 0.05

E[Rt+1] 8.2070 1.0361 7.5150 1.0334 7.0113 1.0313
σ(Rt+1) 23.3433 n.a. 21.3222 n.a. 19.8511 n.a.
Rt,t+1 0.6428 0.9854 0.6291 0.9847 0.6177 0.9841
Equity premium

7.5641 0.0507 6.8859 0.0487 6.3936 0.0473
E[Rt+1]−Rt,t+1

Sharpe ratio
0.3240 n.a. 0.3229 n.a. 0.3221 n.a.E[Rt+1]−Rt,t+1

σ(Rt+1)

H̄ = 0.11

E[Rt+1] 11.3042 1.0459 10.0769 1.0423 9.2241 1.0396
σ(Rt+1) 32.3859 n.a. 28.8049 n.a. 26.3140 n.a.
Rt,t+1 0.5963 0.9829 0.5819 0.9821 0.5658 0.9812
Equity premium

10.7080 0.0630 9.4950 0.0602 8.6582 0.0584
E[Rt+1]−Rt,t+1

Sharpe ratio
0.3306 n.a. 0.3296 n.a. 0.3290 n.a.E[Rt+1]−Rt,t+1

σ(Rt+1)

H̄ = 0.17

E[Rt+1] 16.2082 1.0574 13.7520 1.0521 12.1889 1.0483
σ(Rt+1) 46.7126 n.a. 39.5389 n.a. 34.9735 n.a.
Rt,t+1 0.6310 0.9848 0.5948 0.9828 0.5778 0.9819
Equity premium

15.5772 0.0727 13.1572 0.0693 11.6112 0.0664
E[Rt+1]−Rt,t+1

Sharpe ratio
0.3335 n.a. 0.3328 n.a. 0.3320 n.a.E[Rt+1]−Rt,t+1

σ(Rt+1)

The gross risky one-period return on capital is Rt+1 = 1 + rt+1 − δ. The annualized gross risky one-period
return is (Rt+1)1/30. The expected value and standard deviation of the gross risky one-period return Rt+1 are
calculated as the average and standard deviation, respectively, across simulations. The annual equity premium
is the expected value of the annualized risky return in the next period minus the annualized return on the
one-period riskless bond.
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Equity Premium

Table 6 present Sharpe ratios as well as all of the components of the equity pre-

mium. For the expected risky return E[Rt+1], the one-period sure return Rt,t+1, and

the equity premium (the difference between the two), we report results for both one

period from the model (30 years) as well as the annualized (one-year) version. Our

Sharpe ratios between 0.32 and 0.33 are in line with common estimates from the data.

Because the equity premium and the Sharpe ratio fluctuate from period-to-period,

we report in Table 7 the average equity premium and Sharpe ratio across simulations

in the period immediately before the economic shutdown.

Table 7: Equity premium and Sharpe ratio in period immediately
before shutdown

k2,0 = 0.11 k2,0 = 0.14 k2,0 = 0.17
Eq. Sharpe Eq. Sharpe Eq. Sharpe

prem. ratio prem. ratio prem. ratio

H̄ = 0.05

period 1 0.0507 0.3240 0.0487 0.3229 0.0473 0.3221
before shutdown 0.0710 0.3356 0.0707 0.3337 0.0706 0.3370
percent bigger 0.6617 0.5410 0.6843 0.5570 0.6960 0.5690
percent smaller 0.1763 0.2970 0.1613 0.2887 0.1563 0.2833

H̄ = 0.11

period 1 0.0630 0.3306 0.0602 0.3296 0.0584 0.3290
before shutdown 0.0679 0.3339 0.0667 0.3333 0.0664 0.3343
percent bigger 0.3740 0.3760 0.4023 0.3970 0.4227 0.4153
percent smaller 0.2637 0.2617 0.2497 0.2550 0.2417 0.2490

H̄ = 0.17

period 1 0.0727 0.3335 0.0693 0.3328 0.0664 0.3320
before shutdown 0.0709 0.3353 0.0686 0.3354 0.0673 0.3348
percent bigger 0.2027 0.2740 0.2253 0.2937 0.2543 0.3070
percent smaller 0.2770 0.2057 0.2760 0.2077 0.2650 0.2123

The “period 1” row represents the equity premium and Sharpe ratio in the initial period for each spec-
ification. The “before shutdown” row represents the average equity premium and Sharpe ratio across
simulations in the period immediately before shutdown for each specification. The “percent bigger” and
“percent smaller” rows tell how many of the simulated ending values of the equity premium and Sharpe
ratio were bigger than or less than, respectively, their initial period values. These percentages do not sum
to one because the equity premium and Sharpe ratio do not change in the cases in which the economy
shuts down in the second period.

3 Model with Regime Change

We now assume that when the government defaults on its promised transfer wt ≤ H̄,

the regime switches permanently to one in which the transfer is simply τ percent of

the wage each period Ht = τwt. We solve the model for τ = 0.8 and τ = 0.3.
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Regime switching: 80-percent tax
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Equilibrium with regime switch: 80% tax

Ht =

{
H̄ if ws > H̄ for all s ≤ t
0.8wt if ws ≤ H̄ for any s ≤ t

u′
`
c1,t
´

= βEzt+1|zt

"“
1 + αezt+1

ˆ
(1− α)ezt kα2,t − Ht − c1,t

˜α−1 − δ
”
× ...

u′
„h

1 + αezt+1
`
[1− α]ezt kα2,t − Ht − c1,t

´α−1 − δ
i`

[1− α]ezt kα2,t − Ht − c1,t
´

+ Ht+1

«#
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Simulation with 80% tax regime shift

1 median wage.

3.1.3 Simulation

We again simulate the regime switching model 3,000 times with various combinations

of values for the promised transfer H̄ ∈ {0.09, 0.11} and the initial capital stock

k2,0 ∈ {0.0875, 0.14}. As shown in Table 8, our calibrated values of H̄ = 0.09 and

k2,0 = 0.0875 correspond to 32 percent of the median real wage in regime 1 and the

median capital stock in regime 1, respectively. In each simulation we again use an

initial value of the productivity shock of its median value z0 = µ.

Table 8: Initial values relative to median values
from regime 1: 80-percent tax

k2,0 = 0.0875 k2,0 = 0.14
wmed kmed wmed kmed

H̄/wmed k2,0/kmed H̄/wmed k2,0/kmed

H̄ = 0.09
0.2827 0.0878 0.2883 0.0895
0.3184 0.9967 0.3121 1.5642

H̄ = 0.11
0.2944 0.0886 0.3021 0.0899
0.3736 0.9873 0.3641 1.5567

wmed is the median wage and kmed is the median capital stock across
all 3,000 simulations before the regime switch (in regime 1).

The upper left cell of Table 8 is analogous to the middle cell of Table 2 in that H̄

is calibrated to be 32 percent of the regime 1 real wage and k2,0 to equal the regime

1 median capital stock. However, the lower right cell of Table 8 has the same H̄ and

k2,0 as the middle cell of Table 2. Notice that the median capital stock is higher in the

regime switching economy (kmed = 0.1.5567 for H̄ = 0.11 and k2,0 = 0.14 in regime

switching economy as compared to kmed = 0.1.0311 in the shutdown economy with

the same H̄ and k2,0). This is because young households have an increased risk in the

second period of life under the possibility of a regime switch because their transfer

will be lower in the case of a default on H̄.

Table 9 presents time to game over for this policy. Notice that the distribution

of time until regime switch across simulations from the upper left cell of Table 9

is very similar to the middle cell in Table 3 from the shut down economy. Higher
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Simulation with 80% tax regime shiftprecautionary savings extends the time until a regime switch, but increased promised

transfers reduce that time.

Table 9: Periods to regime switch simulation
statistics: 80-percent tax

k2,0 = 0.0875 k2,0 = 0.14
Periods CDF Periods CDF

H̄ = 0.09

min 1 0.3677 1 0.3340
med 2 0.5727 2 0.5470
mean 3.25 0.7124 3.40 0.7066
max 24 1.0000 25 1.0000

H̄ = 0.11

min 1 0.4517 1 0.4060
med 2 0.6430 2 0.6127
mean 2.78 0.7314 2.94 0.7244
max 24 1.0000 24 1.0000

The “min”, “med”, “mean”, and “max” rows in the “Periods” column
represent the minimum, median, mean, and maximum number of pe-
riods, respectively, in which the simulated time series hit the regime
switch condition. The “CDF” column represents the percent of sim-
ulations that switch regimes in t periods or less, where t is the value
in the “Periods” column. For the CDF value of the “mean” row, we
used linear interpolation.

3.1.4 Fiscal gap and equity premium

For the model with regime switching to an 80-percent wage tax, we define the fiscal

gap in the same way as in equation (14) from Section 2.6. The discount factors used to

calculate the net present values in the fiscal gap measures from the regime switching

model are calculated in the same way as described in Section 2.6. Table 10 shows the

calculated sure-return prices and their corresponding annualized discount rates for

this regime switching economy. Each cell represents the computed prices and interest

rates that correspond to a particular promised transfer value H̄ and initial capital

stock k2,0.

Table 11 shows our four measures of the fiscal gap as a percent of the net present

value of GDP for each of our four combinations of H̄ and k2,0. Some of the fiscal

gap measures are negative. This occurs because some of the discount rates decay

more slowly than others (fgap 1 is the slowest) and because expected Ht is higher

than H̄ after the regime switch. Even though the impulse response of wt decays to
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Fiscal Gap with 80% tax regime shift

Table 10: Term structure of prices and in-
terest rates in regime switching
economy: 80-percent tax

k2,0 = 0.0875 k2,0 = 0.14
rt,t+s rt,t+s

s pt,t+s APR pt,t+s APR

H̄ = 0.09

0 1 0 1 0
1 0.3269 0.0380 0.4645 0.0259
2 1.1607 -0.0025 2.5547 -0.0155
3 0.3534 0.0116 0.4138 0.0099
4 0.6753 0.0033 1.2121 -0.0016
5 0.4117 0.0059 0.2982 0.0081
6 0.1304 0.0114 0.4420 0.0045

H̄ = 0.11

0 1 0 1 0
1 0.2328 0.0498 0.3227 0.0384
2 1.3063 -0.0044 1.5334 -0.0071
3 2.5521 -0.0104 1.5811 -0.0051
4 0.2606 0.0113 0.8424 0.0014
5 1.7532 -0.0037 1.8832 -0.0042
6 0.3762 0.0054 0.4895 0.0040

The first column in each cell is the price of the sure-return bond
pt,t+s at different maturities s as characterized by equation
(16). The second column in each cell is the net interest rate
rt,t+sAPR implied by the sure-return rate and given in annual
percentage rate terms according to equation (17). Full descrip-
tions of the term structure of prices and interest rates for all
calibrations and for up to s = 12 is provided in the Technical
Appendix.
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Fiscal Gap with 80% tax regime shift

a lower level after the regime switch (see Figure ??), the expected Ht can be high

because of the high variance in productivity shocks. A median value would be lower.

We therefore can get negative fiscal gap measures, even though H̄ is big enough to

trigger a regime switch in relatively few periods. Table 11 gives the computed fiscal

gaps as a percent of the net present value of output as in equation (14) for the four

combinations of values for the promised transfer H̄ and the initial capital stock k2,0.

Table 11: Measures of the fiscal gap
with regime switching as
percent of NPV(GDP): 80-
percent tax

k2,0 = 0.0875 k2,0 = 0.14
fgap 1 fgap 2 fgap 1 fgap 2
fgap 3 fgap 4 fgap 3 fgap 4

H̄ = 0.09
-0.0519 0.0003 -0.0343 -0.0157
0.0067 0.0066 0.0052 0.0051

H̄ = 0.11
-0.0861 0.0057 -0.0749 -0.0075
0.0130 0.0129 0.0103 0.0102

Fiscal gap 1 uses the gross sure return rates Rt,t+s from
Table 4 as the discount rates for NPV calculation. Fiscal
gap 2 uses the current period gross return on capital Rt

from the model as the constant discount rate. Fiscal gap
3 uses the International Monetary Fund (2009) method of
an annual discount rate equal to 1 plus the average percent
change in GDP plus 0.01 (≈ 2.05). And fiscal gap 4 uses
the Gohkhale and Smetters (2007) method of an annual dis-
count rate equal to 1 plus 0.0365 (≈ 1.93).

Note also in Table 11 that the fiscal gap measure fgap1 becomes even more negative

as H̄ increases. This is caused by the higher H̄ shortening the periods until the regime

switch or higher Ht values. In other words, the positive effect on the fiscal gap from a

higher H̄ in the pre-switch periods is dominated by the negative effect on the fiscal gap

from the more periods of high regime 2 Ht. For the other measures of the fiscal gap,

the second effect dominates so the fiscal gap increases with the size of the promised

transfer H̄.

Lastly, we also caclulate the equity premium and Sharpe ratio for this regime

switching model using the difference in the expected risky return on capital one

period from now E[Rt+1] and the riskless return on the sure-return bond maturing

one period from now Rt,t+1. In reference to the Barro (2009) result, our model with
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Equity Premium with 80% tax regime shift

regime switching delivers equity premia that are significantly lower than the riskier

model with shut down from Section 2.6 and do not match as closely estimated equity

premia and Sharpe ratios. As shown in Table 12, our regime switching model produces

equity premia around 2 percent and Sharpe ratios around 0.28.

Table 12: Components of the equity premium with
regime switching: 80-percent tax

k2,0 = 0.0875 k2,0 = 0.14
30-year annual 30-year annual

H̄ = 0.09

E[Rt+1] 17.1319 1.0592 12.9708 1.0503
σ(Rt+1) 49.4105 n.a. 37.2570 n.a.
Rt,t+1 3.0589 1.0380 2.1526 1.0259
Equity premium

14.0731 0.0213 10.8182 0.0244
E[Rt+1]−Rt,t+1

Sharpe ratio
0.2848 n.a. 0.2904 n.a.E[Rt+1]−Rt,t+1

σ(Rt+1)

H̄ = 0.11

E[Rt+1] 22.1773 1.0678 16.0801 1.0572
σ(Rt+1) 64.1466 n.a. 46.3385 n.a.
Rt,t+1 4.2960 1.0498 3.0985 1.0384
Equity premium

17.8813 0.0180 12.9816 0.0188
E[Rt+1]−Rt,t+1

Sharpe ratio
0.2788 n.a. 0.2801 n.a.E[Rt+1]−Rt,t+1

σ(Rt+1)

The gross risky one-period return on capital is Rt+1 = 1 + rt+1 − δ. The annual-
ized gross risky one-period return is (Rt+1)1/30. The expected value and standard
deviation of the gross risky one-period return Rt+1 are calculated as the average
and standard deviation, respectively, across simulations. The annual equity premium
is the expected value of the annualized risky return in the next period minus the
annualized return on the one-period riskless bond.

However, the real equity premium story in the model with the 80-percent tax rate

regime switch is what happens to the equity premium as the economy approaches its

critical value. Table 13 reports the average equity premium and Sharpe ratio across

simulations in the period immediately before the regime switch as compared to their

respective values in the first period. The average equity premium and Sharpe ratio

increase significantly from the initial period to the period right before the regime

switch in every case.
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Table 13: Equity premium and Sharpe ratio in period immediately
before regime switch: 80-percent tax

k2,0 = 0.0875 k2,0 = 0.14
Eq. Sharpe Eq. Sharpe

prem. ratio prem. ratio

H̄ = 0.09

period 1 0.0213 0.2848 0.0244 0.2904
before shutdown 0.0737 0.3231 0.0773 0.3272
percent bigger 0.6287 0.5353 0.6600 0.5523
percent smaller 0.0037 0.0970 0.0060 0.1137

H̄ = 0.11

period 1 0.0180 0.2788 0.0188 0.2801
before shutdown 0.0637 0.3152 0.0675 0.3201
percent bigger 0.5457 0.4770 0.5910 0.5180
percent smaller 0.0027 0.0713 0.0030 0.0760

The “period 1” row represents the equity premium and Sharpe ratio in the initial
period for each specification. The “before shutdown” row represents the average
equity premium and Sharpe ratio across simulations in the period immediately
before shutdown for each specification. The “percent bigger” and “percent smaller”
rows tell how many of the simulated ending values of the equity premium and
Sharpe ratio were bigger than or less than, respectively, their initial period values.
These percentages do not sum to one because the equity premium and Sharpe ratio
do not change in the cases in which the economy shuts down in the second period.

3.2 Regime change to 30-percent wage tax

In this section, we show the effects of a less severe proportional wage tax of 30 percent

Ht = 0.3wt in the case of a regime switch.

3.2.1 Simulation

As shown in Table 14, our calibrated values of H̄ = 0.09 and k2,0 = 0.0875 correspond

to about 32 percent of the median real wage in regime 1 and close to the median

capital stock in regime 1, respectively. Note that none of these regime 1 values

change much from Table 8 even though the regime 2 tax rate is significantly different.

In each simulation we use an initial value of the productivity shock of its median

value z0 = µ.

The upper left cell of Table 14 is analogous to the middle cell of Table 2 in that H̄

is calibrated to be 32 percent of the regime 1 real wage and k2,0 to equal the regime 1

median capital stock. However, the lower right cell of Table 14 has the same H̄ and

k2,0 as the middle cell of Table 2. Notice that the median capital stock is higher in the
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Equilibrium with regime switch: 30% tax
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Simulation with 30% tax regime shift

Table 14: Initial values relative to median val-
ues from regime 1: 30-percent tax

k2,0 = 0.0875 k2,0 = 0.14
wmed kmed wmed kmed

H̄/wmed k2,0/kmed H̄/wmed k2,0/kmed

H̄ = 0.09
0.2828 0.0864 0.2880 0.0885
0.3183 1.0130 0.3125 1.5819

H̄ = 0.11
0.2963 0.0868 0.3051 0.0877
0.3712 1.0082 0.3605 1.5970

wmed is the median wage and kmed is the median capital stock across
all 3,000 simulations before the regime switch (in regime 1).

regime switching economy (kmed = 0.1.5970 for H̄ = 0.11 and k2,0 = 0.14 in regime

switching economy as compared to kmed = 0.1.0311 in the shutdown economy with

the same H̄ and k2,0). This is because young households have an increased risk in the

second period of life under the possibility of a regime switch because their transfer

will be lower in the case of a default on H̄.

Table 15 presents the descriptive statistics of how many periods the simulations

take to hit the regime switch point of wt ≤ H̄. Notice that the distributions of time

until regime switch across simulations in all the cells of Table 15 are very similar to

the distributions from the 80-percent tax economy in Table 9. Higher precautionary

savings extends the time until a regime switch, but increased promised transfers

reduce that time.

3.2.2 Fiscal gap and equity premium

Table 16 shows the calculated sure-return prices and their corresponding annualized

discount rates for this regime switching economy. Each cell represents the computed

prices and interest rates that correspond to a particular promised transfer value H̄

and initial capital stock k2,0.

Table 17 shows our four measures of the fiscal gap as a percent of the net present

value of GDP for each of our four combinations of H̄ and k2,0. Similar to the 80-

percent tax regime switch model, all the measures for the first measure of the fiscal

gap (fgap1) are negative. These negative fiscal gaps—and relatively low measures of
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Simulation with 30% tax regime shift

Table 15: Periods to regime switch simulation
statistics: 30-percent tax

k2,0 = 0.0875 k2,0 = 0.14
Periods CDF Periods CDF

H̄ = 0.09

min 1 0.3677 1 0.3340
med 2 0.5697 2 0.5440
mean 3.28 0.7116 3.42 0.7054
max 24 1.0000 25 1.0000

H̄ = 0.11

min 1 0.4517 1 0.4060
med 2 0.6390 2 0.6080
mean 2.80 0.7302 2.96 0.7228
max 24 1.0000 24 1.0000

The “min”, “med”, “mean”, and “max” rows in the “Periods” column
represent the minimum, median, mean, and maximum number of pe-
riods, respectively, in which the simulated time series hit the regime
switch condition. The “CDF” column represents the percent of sim-
ulations that switch regimes in t periods or less, where t is the value
in the “Periods” column. For the CDF value of the “mean” row, we
used linear interpolation.

Table 16: Term structure of prices and in-
terest rates in regime switching
economy: 30-percent tax

k2,0 = 0.0875 k2,0 = 0.14
rt,t+s rt,t+s

s pt,t+s APR pt,t+s APR

H̄ = 0.09

0 1 0 1 0
1 0.3367 0.0370 0.4453 0.0273
2 6.0523 -0.0296 8.0476 -0.0342
3 2.0412 -0.0079 6.7823 -0.0210
4 8.5075 -0.0177 16.8480 -0.0233
5 15.9863 -0.0183 25.3856 -0.0213
6 7.5427 -0.0112 6.1479 -0.0100

H̄ = 0.11

0 1 0 1 0
1 0.2326 0.0498 0.3225 0.0384
2 7.3132 -0.0326 7.1394 -0.0322
3 11.5166 -0.0268 5.8534 -0.0194
4 16.4777 -0.0231 12.1299 -0.0206
5 9.2992 -0.0148 15.5375 -0.0181
6 23.4145 -0.0174 31.7886 -0.0190

The first column in each cell is the price of the sure-return bond
pt,t+s at different maturities s as characterized by equation (16).
The second column in each cell is the net interest rate rt,t+sAPR
implied by the sure-return rate and given in annual percentage
rate terms according to equation (17). Full descriptions of the
term structure of prices and interest rates for all calibrations and
for up to s = 12 is provided in the Technical Appendix.
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Table 15: Periods to regime switch simulation
statistics: 30-percent tax

k2,0 = 0.0875 k2,0 = 0.14
Periods CDF Periods CDF

H̄ = 0.09

min 1 0.3677 1 0.3340
med 2 0.5697 2 0.5440
mean 3.28 0.7116 3.42 0.7054
max 24 1.0000 25 1.0000

H̄ = 0.11

min 1 0.4517 1 0.4060
med 2 0.6390 2 0.6080
mean 2.80 0.7302 2.96 0.7228
max 24 1.0000 24 1.0000

The “min”, “med”, “mean”, and “max” rows in the “Periods” column
represent the minimum, median, mean, and maximum number of pe-
riods, respectively, in which the simulated time series hit the regime
switch condition. The “CDF” column represents the percent of sim-
ulations that switch regimes in t periods or less, where t is the value
in the “Periods” column. For the CDF value of the “mean” row, we
used linear interpolation.

Table 16: Term structure of prices and in-
terest rates in regime switching
economy: 30-percent tax

k2,0 = 0.0875 k2,0 = 0.14
rt,t+s rt,t+s

s pt,t+s APR pt,t+s APR

H̄ = 0.09

0 1 0 1 0
1 0.3367 0.0370 0.4453 0.0273
2 6.0523 -0.0296 8.0476 -0.0342
3 2.0412 -0.0079 6.7823 -0.0210
4 8.5075 -0.0177 16.8480 -0.0233
5 15.9863 -0.0183 25.3856 -0.0213
6 7.5427 -0.0112 6.1479 -0.0100

H̄ = 0.11

0 1 0 1 0
1 0.2326 0.0498 0.3225 0.0384
2 7.3132 -0.0326 7.1394 -0.0322
3 11.5166 -0.0268 5.8534 -0.0194
4 16.4777 -0.0231 12.1299 -0.0206
5 9.2992 -0.0148 15.5375 -0.0181
6 23.4145 -0.0174 31.7886 -0.0190

The first column in each cell is the price of the sure-return bond
pt,t+s at different maturities s as characterized by equation (16).
The second column in each cell is the net interest rate rt,t+sAPR
implied by the sure-return rate and given in annual percentage
rate terms according to equation (17). Full descriptions of the
term structure of prices and interest rates for all calibrations and
for up to s = 12 is provided in the Technical Appendix.
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Fiscal Gap with 30% tax regime shift
the fiscal gap for the other measures—occur because the expected Ht after the regime

swith is significantly higher than H̄. But in all cases, increased H̄ increases the fiscal

gap.

Table 17: Measures of the fiscal gap
with regime switching as
percent of NPV(GDP): 30-
percent tax

k2,0 = 0.0875 k2,0 = 0.14
fgap 1 fgap 2 fgap 1 fgap 2
fgap 3 fgap 4 fgap 3 fgap 4

H̄ = 0.09
-0.1241 0.0002 -0.1214 -0.0148
0.0099 0.0096 0.0079 0.0078

H̄ = 0.11
-0.1194 0.0064 -0.1190 -0.0108
0.0172 0.0171 0.0139 0.0138

Fiscal gap 1 uses the gross sure return rates Rt,t+s from
Table 4 as the discount rates for NPV calculation. Fiscal
gap 2 uses the current period gross return on capital Rt

from the model as the constant discount rate. Fiscal gap
3 uses the International Monetary Fund (2009) method of
an annual discount rate equal to 1 plus the average percent
change in GDP plus 0.01 (≈ 2.05). And fiscal gap 4 uses
the Gohkhale and Smetters (2007) method of an annual dis-
count rate equal to 1 plus 0.0365 (≈ 1.93).

Finally, we calculate the equity premium and Sharpe ratio for this regime switching

model. The equity premium results in Table 18 differ little from those in Table 12.

This means that the form of the regime change has little effect on the initial period

equity premium. The equity premia here around 2 percent with Sharpe ratios around

0.28.

And as with the other regime switching model, the real equity premium story

in the model with the 30-percent tax rate regime switch is what happens to the

equity premium as the economy approaches its critical value. Table 19 reports the

average equity premium and Sharpe ratio across simulations in the period immediately

before the regime switch as compared to their respective values in the first period.

The average equity premium and Sharpe ratio increase significantly from the initial

period to the period right before the regime switch in every case. In the case of both

the 80-percent wage tax regime switch and the 30-percent wage tax regime switch,

the equity premia in the period before the shift are much closer to those observed in
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Equity Premium with 30% tax regime shift

Table 18: Components of the equity premium with
regime switching: 30-percent tax

k2,0 = 0.0875 k2,0 = 0.14
30-year annual 30-year annual

H̄ = 0.09

E[Rt+1] 17.1319 1.0592 12.9708 1.0503
σ(Rt+1) 49.4105 n.a. 37.2570 n.a.
Rt,t+1 2.9703 1.0370 2.2457 1.0273
Equity premium

14.1616 0.0223 10.7251 0.0229
E[Rt+1]−Rt,t+1

Sharpe ratio
0.2866 n.a. 0.2879 n.a.E[Rt+1]−Rt,t+1

σ(Rt+1)

H̄ = 0.11

E[Rt+1] 22.1773 1.0678 16.0801 1.0572
σ(Rt+1) 64.1466 n.a. 46.3385 n.a.
Rt,t+1 4.2986 1.0498 3.1006 1.0384
Equity premium

17.8787 0.0180 12.9795 0.0187
E[Rt+1]−Rt,t+1

Sharpe ratio
0.2787 n.a. 0.2801 n.a.E[Rt+1]−Rt,t+1

σ(Rt+1)

The gross risky one-period return on capital is Rt+1 = 1 + rt+1 − δ. The annual-
ized gross risky one-period return is (Rt+1)1/30. The expected value and standard
deviation of the gross risky one-period return Rt+1 are calculated as the average
and standard deviation, respectively, across simulations. The annual equity premium
is the expected value of the annualized risky return in the next period minus the
annualized return on the one-period riskless bond.
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the data, notwithstanding the initial period equity premia are smaller.

Table 19: Equity premium and Sharpe ratio in period immediately
before regime switch: 30-percent tax

k2,0 = 0.0875 k2,0 = 0.14
Eq. Sharpe Eq. Sharpe

prem. ratio prem. ratio

H̄ = 0.09

period 1 0.0223 0.2866 0.0229 0.2879
before shutdown 0.0819 0.3266 0.0848 0.3276
percent bigger 0.6290 0.5367 0.6617 0.5660
percent smaller 0.0033 0.0957 0.0043 0.1000

H̄ = 0.11

period 1 0.0180 0.2787 0.0187 0.2801
before shutdown 0.0701 0.3173 0.0739 0.3199
percent bigger 0.5460 0.4807 0.5913 0.5153
percent smaller 0.0023 0.0677 0.0027 0.0787

The “period 1” row represents the equity premium and Sharpe ratio in the initial
period for each specification. The “before shutdown” row represents the average
equity premium and Sharpe ratio across simulations in the period immediately
before shutdown for each specification. The “percent bigger” and “percent smaller”
rows tell how many of the simulated ending values of the equity premium and
Sharpe ratio were bigger than or less than, respectively, their initial period values.
These percentages do not sum to one because the equity premium and Sharpe ratio
do not change in the cases in which the economy shuts down in the second period.

4 Conclusion

The model in this paper is highly stylized. Yet its findings suggest that maintaining

unsustainable policies of the kind currently being conducted in the U.S. and other

developed countries is playing with economic fire. Younger generations have only

100 percent of their earnings to surrender to older generations. As the government

enforces ever greater redistribution, the economy saves and invests less and wages

either fall or they grow at slower rates. In the U.S., generational policy appears

responsible for reducing the rate of national saving from roughly 15 percent in the

early 1950s to close to zero percent today. The rate of net domestic investment has

plunged as well. And for most American workers real wage growth has become a

distant memory.

Clearly, multi-period models using the sparse grid techniques developed by Krueger

and Kubler (2006) are needed to provide more realistic Monte Carlo simulations of
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